1 revealed a reduction in milk yield of 2 to 19% in Johne' s-positive dairy cows, compared with that in herdmates. In a 1996 study conducted by the USDA National Animal Health Monitoring System (NAHMS) that focused on US dairies, annual losses in some infected herds (those with ≥ 10% of culled cows in the previous year that had clinical signs consistent with Johne' s disease) exceeded $200/cow. 2 Mycobacterium paratuberculosis usually is introduced to dairy herds through the purchase of infected but clinically normal cattle. 3 Other methods of herd-to-herd transmission, such as introduction of contaminated feces by vehicles or equipment, are less likely initial sources for infection. Once M paratuberculosis is introduced on a dairy, calves < 6 months old are the most susceptible animals, and most infections are assumed to be acquired during the first 6 months of life. 4 A primary method for transmission of infection is through fecal contamination of a calf' s environment, including contamination of milk and feed, resulting in ingestion of the agent by the calf. 3 In addition, infected cows that have clinical signs as well those that are clinically normal may shed M paratuberculosis in their colostrum and milk, especially during the later stages of infection. 5, 6 This can be an important source of infectious material for replacement calves, especially when pooled milk or colostrum is fed. Furthermore, calves born to infected cows may be infected in utero, sometimes even before the dam develops clinical signs of Johne' s disease. 7, 8 For herds free of Johne' s disease, a primary prevention method is to avoid introduction of infected cattle by maintaining a completely closed herd or by carefully screening purchased cattle. Purchasing cattle only from herds documented to be free of Johne' s disease is preferable to testing specific cattle prior to introduction because of the low sensitivity of available
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and association between familiarity of the herd manager with the disease or prior diagnosis of the disease in that herd and use of preventive measures Scott J. Wells, DVM, PhD, DACVPM, and Bruce A. Wagner, MS tests for individual cattle. For herds with existing Johne' s disease, within-herd prevalence can be associated with environmental conditions, care of newborn and growing calves, management of pregnant heifers, and manure-handling practices. 9,10 Management practices recommended for the prevention of Johne' s disease include those focused toward the aforementioned general areas, such as avoiding use of the same equipment for feeding calves and removing manure, early separation of a calf from its dam, and avoiding use of calving areas for housing sick cows.
11 A control program for Johne' s disease requires a plan specific for each dairy, with a long-term commitment, because of the long incubation period of the disease.
Although Johne' s disease has been reported in virtually every country around the world, there currently have not been major restrictions in international trade as a result of the disease. 12 Expanded efforts to control this disease, however, including herd-control and -eradication programs and herd market-assurance programs in certain countries, may lead to market restrictions. Concern of the dairy industry about Johne' s disease in the United States has increased recently because of a desire to protect and expand domestic and international markets for US dairy and beef cattle and to mitigate the economic impact of Johne' s disease to US producers. Because of these concerns, several states have implemented programs for control of Johne' s disease, primarily with an educational emphasis. In addition, the Johne' s Committee of the US Animal Health Association created the National Johne's Working Group to assess available information and enhance development of a strategy for a national program to address Johne' s disease. Successful implementation of such a program requires additional information about the amount of interest and knowledge that producers have of this disease as well as documentation of the effectiveness of preventive and control strategies currently in use on dairies.
The objective of the study reported here was to evaluate associations among herds regarding infection status for M paratuberculosis, herd-management practices, and familiarity of the herd manager with Johne' s disease or a prior diagnosis of the disease in the herd. This information can be used to support development of programs for management of Johne' s disease and classification of herds according to infection status.
Materials and Methods
Survey of herd managers-The NAHMS program is conducted by the USDA:Animal and Plant Health Inspection Service:Veterinary Services (USDA:APHIS:VS) in collaboration with others within the livestock and poultry industries. It provides information on animal health and related issues and uses national surveys as 1 method to generate information. As part of a NAHMS study, 2 personnel with the USDA:National Agricultural Statistics Service visited a stratified random sample of dairies in each of 20 selected states a in January 1996. An interview was conducted to personally administer a questionnaire at each participating dairy for the collection of information about animal health and management on the dairy. 13 Participation by dairy herd managers was voluntary, and only pooled results were reported. At the conclusion of the interview, managers with ≥ 30 milk cows (lactating or nonlactating) were asked to participate in the second phase of the study.
From February through May 1996, a second visit was made to each participating dairy by a USDA:APHIS:VS or state veterinary medical officer or animal health technician. Through completion of a questionnaire administered during this herd visit, the herd manager provided data about general health and management of cattle, 14 including use of certain management practices considered to be associated with Johne' s disease. In an attempt to account for the long incubation period of Johne' s disease, herd managers were asked to provide information on the use of selected management practices for calves and periparturient cows 3 years before the date of the herd visit as well as the management practices currently in use. To assess familiarity of a herd manager with Johne' s disease, managers were asked to assign their familiarity with Johne' s disease using the following scale: haven't heard of it before; recognize the name but not much else; know some basics; or fairly knowledgeable. Herd managers also were asked whether Johne' s disease had been diagnosed in any cattle on the dairy during the preceding 10 years on the basis of results from culture of fecal samples, serologic tests, or diagnosis made by a veterinarian on the basis of clinical signs. Participation by dairy herd managers was voluntary, and only pooled results were reported.
Collection of blood samples-For each herd, collection of samples was designed to detect at least 1 seropositive cow in the herd with 90% confidence, assuming a prevalence of infection of ≥ 10% in the herd, test sensitivity of 50%, and test specificity of 99%. 15, 16 To accomplish this, samples were collected from 25 cows for herds with 30 to 49 cows, 30 cows for herds with 50 to 99 cows, 35 cows for herds with 100 to 299 cows, and 40 cows for herds with ≥ 300 cows. For each herd, cows were selected to represent the herd distribution in regard to parity and type (lactating and nonlactating). Blood samples collected from cows during the second visit were sent to the national reference USDA:APHIS:VS laboratory b for testing. Sera were tested for antibody to M paratuberculosis by use of a commercially available ELISA, c using a single well per sample and procedures provided by the manufacturer.
To categorize herds on the basis of their status for Johne' s disease, we used ELISA results and information reported by the herd manager about clinical disease consistent with Johne' s disease to minimize misclassification that could have been caused by using only the ELISA results.
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Herds with 2 cows that had positive results or herds with 1 cow that had a positive result and in which ≥ 5% of cows culled from the herd during the previous year had clinical signs consistent with Johne' s disease were considered positive for Johne' s disease. Herds with none of the cows having positive results or herds with only 1 cow that had a positive result and in which < 5% of cows culled during the previous year had clinical signs consistent with Johne' s disease were considered negative for Johne' s disease. Clinical signs consistent with Johne' s disease were defined as chronic diarrhea and, despite a normal appetite, weight loss that did not respond to treatment.
Herds vaccinated against Johne' s disease had cows in which Johne' s disease was diagnosed and, therefore, were considered positive for M paratuberculosis in our analysis. These herds were not included in analysis of risk factors, because use of vaccine may have influenced the herd manager' s choice of preventive management practices.
Analysis of risk factors-To evaluate associations between preventive management practices and herd-level status for Johne' s disease (positive or negative), univariable associations were assessed, using a log-likelihood χ 2 test. Variables evaluated included percentage of heifer calves born on the dairy that remained with dams for > 24 hours after birth, whether teats and udder typically were washed before colostrum was collected or calves were allowed to suckle, whether the calving area was used as a hospital area for sick cows, typical bedding routine for calving areas, whether equipment for manure handling was used to handle feed fed to young (< 12 months old) heifers, whether young heifers shared a common feed or water source with adult cattle, percentage of cows born on other dairies, whether the herd manager typically required a test for Johne' s disease before bringing cattle on the farm, amount of surface moisture of the ground or floor that lactating cows stand on most of the time during the summer, whether group housing (ie, free stalls, areas for multiple cows, or drylots) was used for periparturient cows during the previous year, whether maternity housing was separate from housing used for lactating cows, and whether group housing (ie, free stalls, areas for multiple calves, or drylots) was used for calves prior to weaning during the previous year.
Subsequently, multivariable associations among preventive management practices and herd-level status were evaluated, using logistic-regression modeling. Variables associated with herd status for Johne' s disease from the univariable analysis (variables with P < 0.2) were included in this phase of analysis. Using a stepwise backward-eliminating approach, the final logistic regression model included those variables with Wald F statistic values of P < 0.10. The Wald F statistic was used for the model, because -2 log-likelihood ratio χ 2 statistics that adjust for clustering within multiple-stage complex surveys were not available. None of the variables were forced into the model.
It was possible that herd managers familiar with Johne' s disease may have implemented management practices on the basis of their experience (ie, familiarity with Johne' s disease or prior diagnosis within the herd); thus, bias may have been introduced into the cross-sectional study. For this reason, a multivariable logistic regression analysis was performed within the subset of nonvaccinated herds that excluded those whose managers were familiar with the disease (familiarity) or those that had a prior diagnosis of Johne' s disease during the preceding 10 years (prior diagnosis). To further evaluate this aspect, we examined the association between familiarity and prior diagnosis. We also evaluated the association between current herd status for Johne' s disease and familiarity or prior diagnosis.
We next evaluated associations between current use of certain management practices and familiarity or prior diagnosis, using an analytic approach similar to that used to identify herd-level risk factors for Johne' s disease. In these models, our objective was to identify management practices associated with familiarity or prior diagnosis; we did not assume these practices caused familiarity or led to prior diagnosis. First, univariable associations between the management practices (those evaluated in herd risk factor models) and familiarity or between the management practices and prior diagnosis were assessed, using a log-likelihood χ 2 test. Multivariable associations between preventive management practices and familiarity or between preventive management practices and prior diagnosis were evaluated by use of logistic-regression modeling, including those variables from univariable analysis with a value of P < 0.2. Using a stepwise backward-eliminating approach, the final logistic-regression model included those variables with Wald F statistic values of P < 0.10. Region and number of cows in the herd were forced into these models.
Finally, we evaluated changes during the preceding 3 years in use of certain management practices commonly recommended for the control of Johne' s disease, as related to familiarity or to prior diagnosis. This was performed by use of log-likelihood χ 2 tests within the domain of herds for each variable that reported use of a nonrecommended practice 3 years before the herd visit, because only those herds were eligible to change management in a positive direction.
To better identify dairy herd managers who could be targeted for educational programs focused on control and prevention of Johne' s disease, the distribution of herds whose managers were unfamiliar with Johne' s disease was estimated on the basis of number of cows per herd within region.
All statistical analyses were performed by use of software d that incorporated the study design in variance estimates. This allowed us to generalize our results to the US dairy population.
Results
Of 4,516 eligible dairies, 3,383 (74.9%) participated in the first phase of the study. Of 2,392 eligible dairies, 1,219 (51%) participated in the second phase of the study. There were 1,004 dairy managers who responded to the questionnaire and permitted collection of blood samples; 32,622 cows from these 1,004 operations were tested serologically for antibody to M paratuberculosis, including 31,745 cows from 967 herds that reportedly did not vaccinate against Johne' s disease. Data from these operations were weighted to represent dairies with ≥ 30 cows in the 20 states included in the study population, representing 79.4% of US dairy cows. Analysis of nonresponders revealed that response from the first phase of the study to the second was associated with number of cows in a herd (slightly higher in larger herds), region (lower in the Southeast), Dairy Herd Improvement Association (DHIA) participation (higher for herds in DHIA programs), and rolling-herd average milk production (higher for high-producing herds). Analysis weights were adjusted to account for differences in response on the basis of number of cows in a herd, region of the country, and DHIA participation. Response rates by rolling-herd average milk production category were not significantly different after adjusting for these other variables.
For the NAHMS study in 1996, 17 the prevalence of infection with M paratuberculosis for US dairy herds with ≥ 30 cows was estimated to be 3.4% of cows (adjusted for test sensitivity and specificity) and 21.6 ± 1.7% (mean ± SE) of herds. This estimate did not include 0.6% of US dairy herds that vaccinated cows against Johne' s disease; despite vaccination, cattle in those herds may remain infected. In our analysis, herd prevalence varied by number of cows in the herd. For dairies with < 50 cows, 18.6 ± 3.3% of herds were positive for Johne' s disease, whereas for dairies with 50 to 99, 100 to 299, and ≥ 300 cows, 20.5 ± 2.5, 25.7 ± 3.4, and 39.7 ± 4.5% of herds, respectively, were positive for Johne' s disease.
Use of certain management practices associated with control of Johne' s disease has been estimated from information gathered during the NAHMS study 18 ( Table 1) . Although an estimated 64.8% of dairies reported that none of the heifer calves remained with their dams for ≥ 24 hours, 15.5% of dairies reported that up to a fourth of the heifer calves remained with their dams for ≥ 24 hours. Workers did not routinely wash the teats and udder of cows before collecting colostrum or before allowing calves to nurse on an estimated 32% of dairies. Many US dairies used calving areas as hospital pens frequently (16% of dairies) or occasionally (38.9% of dairies). On an estimated 12% of dairies, equipment for manure handling also was used on a regular basis (at least weekly) to handle feed fed to heifers, and 10.5% of dairies used equipment for manure handling on a less-frequent basis (ie, less than once weekly) to handle feed fed to heifers. Heifers shared feed and water sources with adult cattle on an estimated 25.9% of dairies, and periparturient cows were housed with lactating cows on 54.6% of dairies.
Univariable analysis of data from nonvaccinated herds revealed several variables associated with herd status for Johne' s disease. These variables included number of cows in the herd (P < 0.001), region (P = 0.11), percentage of cows born on other dairies (P = 0.01), amount of surface moisture of the ground or floor where lactating cows stand most of the time during summer (P = 0.17), use of group housing for periparturient cows during the preceding year (P = 0.01), and use of group housing for calves prior to weaning during the preceding year (P = 0.05). Heifers < 12 months old sharing feed and water sources with cows also was associated with herd status for Johne' s disease, but the direction of the association was not as we had hypothesized, and we considered this association to be spurious. Univariable analysis that excluded data from herds with managers familiar with Johne' s disease or with prior diagnosis had results similar to those from all nonvaccinated herds, so further analysis of this subset of herds was not performed.
For Table 2) . Dairies in which ≥ 25% of the cows in the herd were born on other dairies were 2.1 times more likely (95% confidence interval, 1.3 to 3.5) to have a positive herd status for Johne' s disease than dairies in which none of the cows were born on other dairies, and herds with > 0 but < 25% of cows born on other dairies had an intermediate risk (odds ratio, 1.6; 95% confidence interval, 1.0 to 2.7) of having a positive herd status. Group housing for periparturient cows and calves prior to weaning also was positively associated with herd infection status (odds ratio = 1.5; 95% confidence interval, 1.0 to 2.3 for each variable). In addition, after adjusting for other variables in the model, larger herds and herds located in the Midwest were more likely to be positive for Johne' s disease.
Overall, an estimated 45.7% of US dairies had managers unfamiliar with Johne' s disease (hadn't heard of it before or recognized the name but not much else), an estimated 18.5% had managers familiar with Johne' s disease (know some basics or fairly knowledgeable) or had a herd in which a prior diagnosis was made, and an There also was a strong association between manager familiarity or prior diagnosis and the current herd status for Johne' s disease. Herds with managers familiar with the disease or a prior diagnosis were much more likely to be positive for Johne' s disease (47.3%), compared with herds whose managers were familiar with Johne' s disease but in which there had not been a prior diagnosis (18.6%) or herds whose managers were unfamiliar with Johne' s disease (13.2%).
After adjusting for differences on the basis of number of cows in a herd and region, it did not appear that familiarity with Johne' s disease was positively associated with use of recommended preventive management practices (Table 3) , except for the practice of washing teats and udder before colostrum was collected or the calf was allowed to suckle (P = 0.03). Managers familiar with Johne' s disease were more likely to report the routine practice of washing teats and udder before colostrum was collected or the calf was allowed to suckle. Similarly, after adjusting for differences in region and number of cows in a herd, only 2 variables (percentage of cows born on other dairies, P < 0.001; time after birth when newborn calves were typically separated from their dams, P = 0.07) were associated with a prior diagnosis of Johne' s disease ( Table 4) . Herds in which > 25% of cows were born on other dairies were more likely to have a prior diagnosis of Johne' s disease (odds ratio, 2.9) than herds in which none of the cows were born on other dairies. The association between prior diagnosis and time after birth for separation of a calf from its dam provided evidence that prior diagnosis of Johne' s disease can affect management practices regarding the typical time of separation of a newborn calf from its dam. Herd managers indicating a prior diagnosis of Johne' s disease were more likely to report that calves were removed from dams within 1 hour after birth (odds ratio, 3.4), compared with those in which calves were removed ≥ 24 hours after birth.
Only a single preventive management practice (washing teats and udder before colostrum was collected or a calf was allowed to suckle) was significantly (P = 0.03) more likely to have changed during the preceding 3 years to be more in compliance with recommended management practices when the herd manager was familiar with Johne' s disease or there had been a prior diagnosis in the herd ( Table 5) .
Lack of familiarity of Johne' s disease was evident in all regions of the United States and all herd sizes. Herds located in the West, Northeast, and Southeast and herds with fewer cows were more likely to have managers unfamiliar with Johne' s disease ( Table 6 ).
Discussion
A principal strength of the study reported here was its national scope, using population-based samples, and a defined inference population. More than 1,000 dairies from 20 states were included in the analyses. Another strength was that herd-level risk factors (preventive management practices) for Johne's disease were evaluated in relation to familiarity of herd managers with Johne's disease and prior diagnosis of Johne's disease in the herd. Also, herd managers reported management information for selected variables on the basis of practices used 3 years preceding the study as well as practices currently in use, which allowed us to evaluate changes in preventive management as well as their potential association with man- ager familiarity, prior diagnosis, and herd-infection status. A limitation of this study was the single visit for collection of samples at each participating dairy. Determination of true herd status of M paratuberculosis infection requires supplemental testing to corroborate results of ELISA performed on a one-time basis. Information regarding the history of Johne' s disease in a herd and the number of cows culled with clinical signs of Johne' s disease can also be helpful in determining herd status. The need for additional testing and information arises from the imperfection of diagnostic tests for Johne' s disease. Herd-level sensitivity depends on sample size, the number of cows with positive test results used as the cutoff value, and within-herd prevalence, as well as sensitivity and specificity of the test. 18, 19 Herd specificity depends on sample size, number of cows with positive test results used for the cutoff value, and specificity of the test. Collecting samples from numerous cows per herd increases herd sensitivity while simultaneously reducing herd specificity. To characterize herd status while maintaining specificity and sensitivity of herd tests, we included historical information from the herd manager about clinical signs of Johne' s disease in culled cows during the preceding year, as has been described more completely elsewhere. 18 These clinical signs were defined as chronic diarrhea and weight loss that was not responsive to treatment despite a normal appetite. Despite the lack of specificity of these signs (which could also be associated with intestinal parasitism, malnutrition, salmonellosis, traumatic reticuloperitonitis, or winter dysentery), use of this information allowed us to reduce misclassification of herds. In the NAHMS study, 17 US dairy managers reported a very low percentage (2%) of culled dairy cows with clinical signs of Johne' s disease during the preceding 12 months. Sixteen percent of the herds, however, reported that ≥ 5% of their cull cows had these clinical signs.
The single visit by a veterinary medical officer or animal health technician to each dairy also limited our ability to evaluate issues of manager familiarity and prior diagnosis of Johne' s disease. We collected this information by use of a questionnaire administered to the herd managers, and we relied on herd managers to provide accurate information, as opposed to querying the herd veterinarians or reviewing diagnostic records. Although the latter may have provided increased validity, the NAHMS framework of confidentiality hinders such review, although it does establish a means for herd managers to provide sensitive information in a confidential manner.
Results from the logistic-regression model evaluating risk factors for herd status in regard to Johne' s disease emphasized the importance of between-and within-herd biosecurity when working to control Johne' s disease on US dairies. Specifically associated with between-herd risk factors was evidence of a dose-response association between the percentage of cows in a herd introduced to the dairy and herd status for Johne' s disease. This association points toward the critical need for development of methods for introduction of low-risk cattle to dairies. Because 44% of dairies introduce new cattle each year, 14 it is critical that we immediately address this issue to avoid even greater dissemination of Johne' s disease among US herds. A preventive practice that is commonly recommended is to introduce herd replacements only from herds that are repeatedly negative on tests for Johne' s disease (ie, low-risk herds). Currently, this is difficult, because < 1% of US dairy herds participate in a Johne' s disease certification program.
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Within-herd risk factors significantly associated with herd status for Johne' s disease included group housing for periparturient cows or for calves prior to weaning. Group housing for periparturient cows has been considered a practice with increased risk of Johne' s disease transmission, 11 because access by multiple cows to calving areas can predispose newborn calves to increased risk of exposure to M paratuberculosis through infected feces. Group housing of calves prior to weaning typically has not been considered a critical risk factor, but it may be associated with calf-tocalf transmission of M paratuberculosis after initial transmission from an infected cow. Sweeney et al 20 reported that each of 6 uninfected 2-year-old heifers shed M paratuberculosis in their feces within 24 hours after oral inoculation with infected fecal material, and this passive fecal shedding of organisms may serve to amplify infection within groups of calves prior to weaning. Another indicator of calf-to-calf transmission is reported in a study in Michigan in which investigators identified cleaning of calf hutches or pens after each use as a protective factor.
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Other factors linked to Johne' s disease in other studies in the midwestern United States 9,10 were not associated with herd status in the study reported here, including factors involving newborn calves (time of separation of calf from dam, washing udder before collecting colostrum, or allowing calf to suckle) and manure handling (equipment used to handle manure also was used to feed heifers). Reasons for this discrepancy may include use of differing study methods, definitions of positive herds, and populations from which samples were obtained. In 1 study, 9 composite scores were used to evaluate various management areas rather than use of specific management practices in relation to Johne' s disease status. More importantly, however, investigators in that study evaluated risk factors for Johne' s disease within known infected herds, thereby evaluating the relative importance of within-herd risk factors separately from between-herd risk factors (such as introduction of new cattle to the herd). In the study in Michigan, 10 risk factors identified were primarily those associated with within-herd transmission. In that study, about half of the herds included in the analysis (55%) had positive test results. Differences in study populations are another possible reason for differing results, and another reason is method of assessing introduction of new cattle. In our study, we evaluated the risk of infection associated with percentage of cows born on other dairies, which provided a longer-term assessment for introduction of cattle to each herd, as opposed to the number of cattle added to the herd during the preceding year.
Numbers of cows in a herd and region also were associated with herd status for Johne' s disease in this study; a similar finding of associations between prevalence of M paratuberculosis infection was reported in another study. 21 Rather than directly interpret these associations, it is most useful to consider that these factors are proxies for unmeasured factors, pointing toward the need for better understanding of risk factors associated with large herds in certain regions.
From this study, several opportunities were identified for improving control of Johne' s disease in dairy herds. Estimates of risks associated with certain practices, such as introduction of cattle, were generated, along with estimates of use of certain practices associated with control of Johne' s disease. Several of these practices (eg, introduction of cattle to the herd, calf management) are not specific for prevention of Johne' s disease and could reduce transmission of other pathogens within a herd.
Results from the NAHMS study that were reported elsewhere 13 indicated that 55% of US dairy managers were familiar with Johne' s disease (fairly knowledgeable about Johne' s disease or knowing at least some basics); however, approximately 35% of dairy managers did not consider themselves knowledgeable about Johne' s disease beyond name recognition, and another 10% had not heard of the disease before the study. In addition, approximately 13% of dairy managers reportedly tested for Johne' s disease during the 2 years preceding that study. Lack of knowledge of the disease by almost half of US dairy managers at the time of that study indicates that educational efforts will be needed before broad preventive approaches can be implemented.
However, on the basis of analysis of the results of the study reported here, it does not appear that familiarity of a herd manager with the disease or a prior diagnosis of Johne' s disease in a herd strongly influenced the use of preventive management practices. Several factors that may affect adoption of specific practices for the control of Johne' s disease include perceptions of within-herd prevalence, test validity and repeatability, efficacy of control programs, time required for achieving successful control, and time and labor involved in implementing control measures. Several of these issues have been discussed elsewhere. 22 Depending on the management system, certain management practices are not easily changed, even when managers are aware of effective preventive practices. An example of management practices that are difficult to change might include introduction of cattle. Analysis of results of our study suggested that herds with a high percentage of cows born on other dairies are more likely to have a prior diagnosis of Johne' s disease, an indication that diagnosing Johne' s disease did not markedly alter practices involving introduction of new cattle. Other preventive practices, however, may be changed more easily. There was an indication of an association between 2 variables (time of separation of calf from dam, washing teats and udder before collecting colostrum from dams) and manager familiarity or a prior diagnosis; however, it was not clear from this study whether this was attributable to specific management practices directed against Johne' s disease or similar management practices directed against other diseases (eg, salmonellosis). Generally, this lack of association indicates that familiarity of a herd manager with Johne' s disease does not necessarily lead to effective control efforts and emphasizes the need to evaluate the information used in educational efforts. In addition, because manager familiarity or a prior diagnosis generally did not appear to alter the use of preventative-management practices, it was possible to examine risk factors for positive herd status by use of a logistic-regression model, despite the long incubation period for Johne' s disease and cross-sectional design of our study.
The information reported here emphasizes the need for renewed educational efforts to effect control of Johne' s disease on a national basis. To assist in this process, estimates of herd managers' unfamiliarity with Johne' s disease by number of cows in a herd within a region were provided to indicate targets for future educational efforts. 
